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ENVIRONMENT CONTROL SYSTEM, AND
AIR CONDITIONER OR AIR

CONDITIONING SYSTEM

TECHNICAL FIELD

The present disclosure relates to environment control
systems, and air conditioners or air conditioning systems.

BACKGROUND ART

Electronic equipment controlled by an environment con-
trol system including a control unit and a plurality of devices
connected to the control unit via a serial communication bus
1s known (see, for example, JP 2002-108637 A (Patent
Literature 1)).

CITATTIONS LIST

Patent Literature

Patent Literature 1: JP 2002-108637 A

SUMMARY OF INVENTION

Technical Problems

In the environment control system described above, 11 one
ol the devices malfunctions to fail to establish communica-
tions via the serial communication bus, the remaining nor-
mal devices also fall mto communication failures. As a
result, the control unit 1s incapable of controlling the elec-
tronic equipment.

An air conditioner or an air conditioning system including
such an environment control system cannot continue an air
conditioning operation 1f a malfunction occurs at any one of
devices.

The present disclosure proposes an environment control
system capable of 1dentifying a failed one of devices con-
nected to a control unit via a serial communication bus, and
making the remaining normal devices usable, and also
proposes an air conditioner or an air conditioning system
including such an environment control system.

Solutions to Problems

The present disclosure provides an environment control
system 1ncluding:
a control unit;
a serial communication bus including
a main communication line having a first end connected
to the control unit and
first to Nth (N: an integer of 2 or more) sub communi-
cation lines branched off from a second end of the main
communication line;
devices connected to the first to Nth sub communication
lines; and
switching units disposed on all the first to Nth sub
communication lines or the sub communication lines
excluding the first sub communication line and configured to
connect and disconnect the devices to and from the control
unit,
cach of the first to Nth sub communication lines being
connected to one or more of the devices.
The term “device” used herein refers to, for example, a
sensor for detecting physical information, an actuator, or a
device intended for environment control.
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According to the present disclosure, if a malfunction
occurs at one of the devices connected to the control unit via
the serial communication bus, the control unit identifies the
falled device by opening the switching units on the first to
Nth sub communication lines 1n sequence, for example. The
control unmit opens the switching unit on the sub communi-
cation line to which the failed device 1s connected, thereby
disconnecting the failed device therefrom. The control unit
thus recovers the communications with the normal devices.
As described above, disconnecting the failed device from
the control unit makes the normal devices continuously
usable.

In the environment control system according to an
embodiment of the present disclosure,

when the control unit abnormally communicates with the
devices, the control unit determines whether abnormal com-
munications occur, by opening and closing the switching
units.

According to the present disclosure, if the control unit
abnormally communicates with all the devices, the control
units opens and closes the switching units to determine
which device malfunctions to cause the abnormal commu-
nication. The control unit thus identifies the failed device,
and disconnects the failed device therefrom.

In the environment control system according to an
embodiment of the present disclosure,

the switching units are disposed on all the first to Nth sub
communication lines, and

when the control unit abnormally communicates with the
devices, the control unit determines whether abnormal com-
munications occur, by opening first, among the switching
units on the first to Nth sub communication lines, a switch-
ing unit for a device that enables continuation of an envi-
ronment controlling operation.

According to the present disclosure, when a device or
devices that enable continuation of the environment con-
trolling operation are normal, the environment control sys-
tem continuously performs the environment controlling
operation using at least the normal devices.

In the environment control system according to an
embodiment of the present disclosure,

the switching units are disposed on all the first to Nth sub
communication lines, and

when the control unit abnormally communicates with the
devices, the control unit opens the switching units on the
first to Nth sub communication lines one by one 1n sequence,
and determines, when the control unit normally communi-
cates with the devices connected to the sub communication
lines on which the closed switching units are disposed, that
a malfunction occurs at a device connected to the sub
communication line on which the opened switching unit 1s
disposed.

According to the present disclosure, the control umnit
accurately 1dentifies a failed one of the devices connected to
the first to Nth sub communication lines.

In the environment control system according to an
embodiment of the present disclosure,

the switching units are disposed on the sub communica-
tion lines excluding the first sub communication line,

when the control unit abnormally communicates with the
devices, the control unit opens the switching units, and
determines, when the control unit abnormally communicates
with a device or devices connected to the first sub commu-
nication line, that a malfunction occurs at the device or
devices connected to the first sub communication line, and

when the control unit abnormally communicates with the
devices, the control unit opens the switching units, and 11 the
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control unit normally communicates with the device or
devices connected to the first sub communication line, the
control unit closes the switching units one by one 1n
sequence,
and when the control unit abnormally communicates with a
device or devices connected to a sub communication line
which the switching unit 1s closed, the control unit deter-
mines that a malfunction occurs at the device or devices
connected to the sub communication line with the closed
switching unit.

According to the present disclosure, the control unit

accurately 1dentifies a failed one of the devices connected to
the first to Nth sub communication lines.

The present disclosure also provides an air conditioner or
an air conditioning system including the environment con-
trol system described above.

According to the present disclosure, the air conditioner or
the air conditioning system 1s capable of identifying a failed
one of the devices connected to the control unit via the serial
communication bus, and disconnecting the failed device

from the control unit, thereby making the remaining normal
devices usable.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a configuration diagram of an air conditioner
according to a first embodiment of the present disclosure.

FIG. 2 1s a flowchart of abnormal communication deter-
mination processing by a control unit of the air conditioner
according to the first embodiment.

FIG. 3 1s a configuration diagram of an air conditioner
according to a comparative example.

FIG. 4 1s a configuration diagram of an air conditioner
according to a second embodiment of the present disclosure.

FIG. 5 1s a flowchart of abnormal communication deter-
mination processing by a control unit of the air conditioner
according to the second embodiment.

DESCRIPTION OF EMBODIMENTS

Embodiments will be described below. In the drawings,
identical reference signs indicate identical or corresponding
portions.

First Embodiment

FIG. 1 1s a configuration diagram of an air conditioner 1
according to a first embodiment of the present disclosure.

As 1llustrated in FI1G. 1, the air conditioner 1 according to
the first embodiment includes: a control unit 10 configured
to control an air conditioning operation; a serial communi-
cation bus 20 including a main communication line ML
having a first end connected to the control unit 10 and first
to third sub communication lines SL1 to SL3 branched ofl
from a second end of the main communication line ML; air
conditioning operation-specific sensors 21 to 23 (devices)
connected to the first sub communication line SL.1; first
additional function-specific sensors 24 and 25 (devices)
connected to the second sub communication line SL.2; a
second additional function-specific sensor 26 (a device)
connected to the third sub communication line SL3;
switches SW1-1 and SW1-2 disposed on the first sub
communication line SL1 and configured to connect and
disconnect the air conditioning operation-specific sensors 21
to 23 to and from the control unit 10; switches SW2-1 and
SW2-2 disposed on the second sub communication line SI.2
and configured to connect and disconnect the first additional
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4

function-specific sensors 24 and 25 to and from the control
umt 10; and switches SW3-1 and SW3-2 disposed on the
third sub communication line SL.3 and configured to connect
and disconnect the second additional function-specific sen-
sor 26 to and from the control unit 10. The number of
devices connected to each of the first to third sub commu-
nication lines SLL1 to SL3 1s one or more. The switches
SW1-1 and SW1-2 serve as a first switching unit. The
switches SW2-1 and SW2-2 serve as a second switching
umt. The switches SW3-1 and SW3-2 serve as a third
switching unit. In the first embodiment, the first to third sub
communication lines SLL1 to SL3 are respectively provided
with the first to thurd switching unmits (SW1-1, SW1-2;
SW2-1, SW2-2; SW3-1, SW3-2).

The control unit 10, the serial communication bus 20, the
air conditioning operation-specific sensors 21 to 23 (de-
vices), the first additional function-specific sensors 24 and

25 (devices), the second additional function-specific sensor
26 (a device), the switches SW1-1 and SW1-2, the switches

SW2-1 and SW2-2, and the switches SW3-1 and SW3-2
constitute an environment control system.

Examples of the devices connected to the first to third sub
communication lmes SL1 to SL3 may include, but not
limited to, a sensor for detecting physical information, an
actuator, and a device intended for environment control.

The control unit 10 mcludes a microcomputer, an input
and output circuit, and the like. The control unit 10 has an
SDA terminal to which a serial data line of the serial
communication bus 20 1s connected, and an SCL terminal to
which a serial clock line of the serial communication bus 20
1s connected. The control unit 10 also has an output terminal
P1 from which a control signal 1s output for turning on or oif
the switches SW1-1 and SW1-2, an output terminal P2 from
which a control signal 1s output for turning on or off the

il

switches SW2-1 and SW2-2, and an output terminal P3 from
which a control signal 1s output for turning on or off the
switches SW3-1 and SW3-2.

The control unit 10 communicates with the air condition-
ing operation-specific sensors 21 to 23, the first additional
function-specific sensors 24 and 25, and the second addi-
tional function-specific sensor 26 via the serial communi-
cation bus 20, using the I°C (Inter-Integrated Circuit) pro-
tocol. It should be noted that any serial communication
protocol may be employed in addition to the I°C protocol.

It 1s assumed herein that the air conditioning operation-
specific sensors 21 to 23 belong to a first group, the first
additional function-specific sensors 24 and 25 belong to a
second group, and the second additional function-specific
sensor 26 belongs to a third group. Examples of the air
conditioning operation-speciiic sensors 21 to 23 1n the first
group may include, but not limited to, a temperature sensor,
a humidity sensor, a floor-temperature sensor, and a wall-
temperature sensor. Examples of the first additional func-
tion-specific sensors 24 and 25 in the second group may
include, but not limited to, a temperature sensor for detect-
ing a temperature 1nside a humidifying duct 1in a case where
the air conditioner 1 includes a humiditying unit, a humidity
sensor for detecting a humidity inside the humidifying duct
in the same case, and a voice processing device. Examples
of the second additional function-specific sensor 26 in the
third group may include, but not limited to, a CO, sensor for
use 1n control of a ventilating operation as a new additional
function.

The control unit 10 performs processing for, for example,
a cooling operation or a heating operation, based on signals
from the air conditioning operation-specific sensors 21 to
23. In the processing for, for example, the cooling operation
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or the heating operation, the control unit 10 turns on all the
switches SW1-1, SW1-2, SW2-1, SW2-2, SW3-1, and
SW3-2, so that the air conditioning operation-specific sen-
sors 21 to 23, the first additional function-specific sensors 24
and 25, and the second additional function-specific sensor
26 are connected to the control unit 10 via the senal
communication bus 20.

Next, a description will be given of abnormal communi-
cation determination processing by the control unit 10 1n
accordance with a flowchart of FIG. 2.

As 1llustrated 1in FIG. 2, when the abnormal communica-
tion determination processing starts, 1n step S1, the control
unit 10 starts to communicate with the air conditioning
operation-specific sensors 21 to 23, the first additional
function-specific sensors 24 and 25, and the second addi-
tional function-specific sensor 26.

Next, 1n step S2, the control umt 10 determines whether
the communications are abnormal. When the communica-
tions are abnormal, the processing proceeds to step S3.
When the communications are not abnormal, 1.e., are nor-
mal, the processing ends.

In step S3, the control unit 10 turns off the switches
SW1-1 and SW1-2 (the switches SW2-1, SW2-2, SW3-1,
and SW3-2 remain 1n an on state). Only the air conditioning
operation-specific sensors 21 to 23 1n the first group are thus
disconnected from the control unit 10.

Next, in step S4, when the control unit 10 determines that
it has recovered from abnormal communications, the pro-
cessing proceeds to step SS. In step S4, when the control unit
10 determines that 1t has not recovered from the abnormal
communications, the processing proceeds to step S6.

In step S35, the control unit 10 determines that the first
group 1s abnormal. The processing then ends. In this case, a
malfunction occurs at at least one of the air conditioning,
operation-speciiic sensors 21 to 23 1n the first group.

In step S6, the control unit 10 turns on the switches
SW1-1 and SW1-2, and turns ofl the switches SW2-1 and
SW2-2 (the switches SW3-1 and SW3-2 remain 1 an on
state). Only the first additional function-specific sensors 24
and 25 1n the second group are thus disconnected from the
control unit 10.

Next, in step S7, when the control unit 10 determines that
it has recovered from abnormal communications, the pro-
cessing proceeds to step S8. In step S7, when the control unit
10 determines that 1t has not recovered from the abnormal
communications, the processing proceeds to step S9.

In step S8, the control unit 10 determines that the second
group 1s abnormal. The processing then ends. In this case, a
malfunction occurs at at least one of the first additional
function-specific sensors 24 and 25 1n the second group.

In step S9, the control unit 10 turns on the switches
SW2-1 and SW2-2, and turns ofl the switches SW3-1 and

SW3-2 (the switches SW1-1 and SW1-2 remain 1 an on
state). Only the second additional function-specific sensor
26 1n the third group i1s thus disconnected from the control
unit 10.

Next, 1n step S10, when the control unit 10 determines
that 1t has recovered from abnormal communications, the
processing proceeds to step S11. In step S11, the control unit
10 determines that the third group i1s abnormal. The pro-
cessing then ends. In this case, a malfunction occurs at the
second additional function-specific sensor 26 1n the third
group.

In step S10, when the control unit 10 determines that 1t has
not recovered from the abnormal communications, the pro-
cessing proceeds to step S12. In step S12, the control unit 10
determines that the serial communication bus 20 1s abnor-
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mal. The processing then ends. The control unit 10 deter-
mines that the serial communication bus 20 1s abnormal,
because of, for example, a malfunction at a communication
circuit of the control unit 10 and a malfunction, such as a
break or a short circuit, of the serial communication bus 20
itself.

FIG. 3 1s a configuration diagram of an air conditioner
according to a comparative example. The comparative
example 1s merely 1llustrative for understanding the present
invention with ease, and 1s not intended to limit the present
invention.

As 1llustrated in FIG. 3, an air conditioner 101 according
to the comparative example includes: a control unit 110
configured to control an air conditioning operation; a serial
communication bus 120 including a main communication
line ML having a first end connected to the control unit 110
and a plurality of sub commumnication lines SLL1 to SLé
branched oil from a second end of the main communication
line ML; an air conditioning operation-specific sensor 21
connected to the sub communication line SI.1; an air con-
ditioning operation-specific sensor 22 connected to the sub
communication line SL2; an air conditioning operation-
specific sensor 23 connected to the sub communication line
SL.3; a first additional function-specific sensor 24 connected
to the sub communication line SLL.4; a first additional func-
tion-specific sensor 23 connected to the sub communication
line SL5; and a second additional function-specific sensor 26
connected to the sub communication line SL6.

The control unit 110 includes a microcomputer, an input
and output circuit, and the like. The control unit 110 has an
SDA terminal to which a senial data line of the seral
communication bus 120 i1s connected, and an SCL terminal
to which a serial clock line of the serial communication bus
120 1s connected.

The control unit 110 communicates with the air condi-
tioning operation-specific sensors 21 to 23, the first addi-
tional function-specific sensors 24 and 25, and the second
additional function-specific sensor 26 via the serial commu-
nication bus 120, using the I°C (Inter-Integrated Circuit)
protocol.

In the air conditioner 101 according to the comparative
example, 1f one sensor among the air conditioning opera-
tion-specific sensors 21 to 23, the first additional function-
specific sensors 24 and 25, and the second additional func-
tion-specific sensor 26 malfunctions to fail to establish
communications via the serial communication bus 120, the
remaining normal sensors fall into communication failures.
As a result, the control unit 110 1s 1ncapable of controlling
the air conditioner 101. Consequently, the air conditioner
101 according to the comparative example fails to continue
the air conditioning operation.

The communication failures of the air conditioning opera-
tion-specific sensors 21 to 23, the first additional function-
specific sensors 24 and 25, and the second additional func-
tion-specific sensor 26 may occur because at least one of the
serial data line or the serial clock line of the serial commu-
nication bus 120 1s placed in a short circuit mode.

In contrast to this, the air conditioner 1 according to the
first embodiment 1dentifies a failed sensor among the air
conditioning operation-specific sensors 21 to 23, the first
additional function-specific sensors 24 and 25, and the
second additional function-specific sensor 26 connected to
the control unit 10 via the serial communication bus 20, and
makes the remaining normal sensors usable.

In the air conditioner 1 having the configuration described
above, 11 a malfunction occurs at one of the devices (the air
conditioning operation-specific sensors 21 to 23, the first
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additional function-specific sensors 24 and 25, the second
additional function-specific sensor 26) connected to the
control unit 10 via the serial communication bus 20, the

control unit 10 identifies the failed device by opening the
first switching unit (the switches SW1-1 and SW1-2), the

second switching unit (the switches SW2-1 and SW2-2), an
the third switching unit (the switches SW3-1 and SW3-2)
respectively disposed on the first to third sub communication
lines SLL1 to SL3, 1n sequence.

For example, 11 the control unit 10 fails to communicate
with all the devices because of a malfunction at the first
additional function-specific sensor 24, the control unit 10
opens the switches SW2-1 and SW2-2 on the second sub
communication line SL2 to which the failed first additional
function-specific sensor 24 1s connected, thereby discon-
necting the failed first additional function-specific sensor 24
and the first additional function-specific sensor 235 there-
from. The control unit 10 thus recovers the communications
with the normal air conditioning operation-specific sensors
21 to 23 and the communication with the normal second
additional function-specific sensor 26.

As described above, disconnecting the failed device from
the control unit 10 makes the normal devices continuously
usable.

If the control unit 10 abnormally communicates with all
the devices, the control units 10 opens and closes the first
switching unit (the switches SW1-1 and SW1-2), the second
switching unit (the switches SW2-1 and SW2-2), and the
third switching unit (the switches SW3-1 and SW3-2) to
determine which device malfunctions to cause abnormal
communication. The control unit 10 thus identifies the failed
device, and disconnects the failed device therefrom.

If the control unit 10 abnormally communicates with all
the devices, the control unit 10 determines whether the
communications are abnormal, by opeming first the switches
SW1-1 and SW1-2 for the devices (the air conditioning
operation-specific sensors 21 to 23) that enable continuation

of the environment controlling operation, among the
switches SW1-1 and SW1-2, the switches SW2-1 and SW2-

2, and the switches SW3-1 and SW3-2. With this configu-
ration, when the devices (the air conditioning operation-
specific sensors 21 to 23) that enable continuation of the air
conditioning operation are normal, the air conditioner 1
continues the air conditioning operation using the devices
(the air conditioning operation-specific sensors 21 to 23).

If the control unit 10 abnormally communicates with all
the devices, the control unit 10 opens the first switching unit
(the switches SW1-1 and SW1-2), the second switching unit
(the switches SW2-1 and SW2-2), and the third switching
unit (the switches SW3-1 and SW3-2) respectively disposed
on the first to third sub communication lines SL.1 to SL.3, one
by one 1n sequence. When the control unit 10 normally
communicates with the devices connected to two of the sub
communication limes SLL1 to SL3 on which the closed
switching units are disposed, then the control unit 10 deter-
mines that a malfunction or failure occurs at the device
connected to the sub communication line on which the
opened switching unit 1s disposed. With this configuration,
the control unit 10 accurately identifies a failed one of the
devices connected to the first to third sub communication
lines SLL1 to SL3.

The air conditioner 1 thus embodied 1s capable of 1den-
tifying a failed one of the devices connected to the control
unit 10 via the serial communication bus 20, and discon-
necting the failed device from the control unit 10, thereby
making the remaining normal devices usable.
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The first embodiment concerns the air conditioner 1
including the environment control system. Alternatively, the

present disclosure may be applied to an air conditionming
system including external devices, such as a sensor and an
actuator, connected to the air conditioner 1 via a serial
communication bus.

In the first embodiment, the number of devices connected
to each of the first sub communication line SLL1 and the
second sub communication line SL2 1s two or more. Alter-
natively, the number of devices connected to each of the first
to third sub communication lines SLL1 to SL3 may be one.

In the first embodiment, the environment control system
includes the first to third sub communication lines SL1 to
SI1.3. However, the number of sub communication lines 1s
not limited to three. For example, the present invention may
be applied to an environment control system including first
to Nth (N: an integer of 2 or more) sub communication lines

SL1 to SL3.

Second Embodiment

FIG. 4 1s a configuration diagram of an air conditioner 1
according to a second embodiment of the present disclosure.
The air conditioner 1 according to the second embodiment
1s 1dentical 1n configuration to the air conditioner 1 accord-
ing to the first embodiment except that the air conditioner 1
according to the second embodiment does not include the
switches SW1-1 and SW1-2 described 1n the first embodi-
ment, and a control unit 10 in the second embodiment 1s
different 1n operation from that 1n the first embodiment.

In the air conditioner 1 according to the second embodi-
ment, the control unit 10, a serial communication bus 20, air
conditioning operation-specific sensors 21 to 23 (devices),
first additional function-specific sensors 24 and 25 (devices),
a second additional function-specific sensor 26 (a device),
switches SW2-1 and SW2-2, and switches SW3-1 and
SW3-2 constitute an environment control system.

The control unit 10 performs processing for, for example,
a cooling operation or a heating operation, based on signals
from the air conditioning operation-specific sensors 21 to
23. In the processing for, for example, the cooling operation
or the heating operation, the control unit 10 turns on all the
switches SW2-1, SW2-2, SW3-1, and SW3-2, so that the air
conditioning operation-specific sensors 21 to 23, the first
additional function-specific sensors 24 and 25, and the
second additional function-specific sensor 26 are connected
to the control unit 10 via the serial communication bus 20.

Next, a description will be given of abnormal communi-
cation determination processing by the control unit 10 1n
accordance with a flowchart of FIG. 5.

As 1llustrated 1n FIG. 5, when the abnormal communica-
tion determination processing starts, i step S21, the control
umt 10 starts to communicate with the air conditioning
operation-specific sensors 21 to 23, the first additional
function-specific sensors 24 and 25, and the second addi-
tional function-specific sensor 26.

Next, 1n step S22, the control unit 10 determines whether
the communications are abnormal. When the communica-
tions are abnormal, the processing proceeds to step S23.
When the communications are normal, the processing ends.

In step S23, the control unit 10 turns ofl the switches
SW2-1, SW2-2, SW3-1, and SW3-2. Only the air condi-
tioning operation-speciiic sensors 21 to 23 1n a first group
are thus connected to the control unit 10.

Next, 1n step S24, when the control unit 10 determines
that the communications are abnormal, the processing pro-
ceeds to step S25. In step S24, when the control umt 10
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determines that the communications are normal, the pro-
cessing proceeds to step S26.

In step S235, the control unit 10 determines that the first
group 1s abnormal. The processing then ends. In this case, a
malfunction may occur at at least one of the air conditionming,
operation-specific sensors 21 to 23 1n the first group.

In step S26, the control umt 10 turns on the switches
SW2-1 and SW2-2, and turns ofl the switches SW3-1 and
SW3-2. The air conditioning operation-specific sensors 21
to 23 1n the first group, which normally communicate with
the control unit 10, and the first additional function-specific
sensors 24 and 25 1n a second group are thus connected to
the control unit 10.

Next, 1 step S27, when the control unit 10 determines
that the communications are abnormal, the processing pro-
ceeds to step S28. In step S27, when the control umt 10
determines that the communications are normal, the pro-
cessing proceeds to step S29.

In step S28, the control unit 10 determines that the second
group 1s abnormal. The processing then ends. In this case, a
malfunction may occur at at least one of the first additional
function-specific sensors 24 and 25 1n the second group.

In step S29, the control unit 10 turns off the switches
SW2-1 and SW2-2, and turns on the switches SW3-1 and
SW3-2. The air conditioning operation-specific sensors 21
to 23 1n the first group, which normally communicate with
the control unit 10, and the second additional function-
specific sensor 26 1n a third group are thus connected to the
control unit 10.

Next, 1 step S30, when the control unit 10 determines the
communications are abnormal, the processing proceeds to
step S31. In step S31, the control unit 10 determines that the
third group 1s abnormal. The processing then ends. In this
case, a malfunction may occur at the second additional
function-specific sensor 26 1n the third group.

In step S30, when the control unit 10 determines that the
communications are normal, the processing proceeds to step
S32. In step S32, the control unit 10 determines that the
serial communication bus 20 1s abnormal. The processing
then ends. The serial communication bus 20 may become
abnormal, because of, for example, a malfunction at a
communication circuit of the control unit 10 and a malfunc-
tion, such as a break or a short circuit, of the serial
communication bus 20 itself.

As 1n the air conditioner 1 according to the first embodi-
ment, the air conditioner 1 according to the second embodi-
ment 1s capable of i1dentifying a failed one of the devices
connected to the control unit via the serial communication
bus, and making the remaining normal devices usable.

Third Embodiment

A third embodiment of the present disclosure 1s directed
to an underfloor heating system. The underfloor heating
system may employ hot water as a heat source or may
employ an electric heater as a heat source.

The underfloor heating system according to the third
embodiment includes an environment control system similar
in configuration to the environment control system accord-
ing to the first embodiment except the air conditioning
operation-speciiic sensors 21 to 23 (the devices), the first
additional function-specific sensors 24 and 25 (the devices),
and the second additional function-specific sensor 26 (the
device).

The underfloor heating system includes a plurality of
devices such as an undertloor heating-specific sensor and an
indoor temperature sensor.
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As 1 the air conditioner 1 according to the first embodi-
ment, the underfloor heating system having the configura-
tion described above 1s capable of identilying a failed one of
the devices connected to a control unit via a serial commu-
nication bus, and making the remaining normal devices
usable.

Fourth Embodiment

A fourth embodiment of the present disclosure 1s directed
to a hot-water heating system.

The hot-water heating system according to the fourth
embodiment includes an environment control system similar
in configuration to the environment control system accord-
ing to the first embodiment except the air conditioning
operation-specific sensors 21 to 23 (the devices), the first
additional function-specific sensors 24 and 25 (the devices),
and the second additional function-specific sensor 26 (the
device).

The hot-water heating system includes a plurality of
devices such as a hot-water heating-specific sensor.

As 1 the air conditioner 1 according to the first embodi-
ment, the hot-water heating system having the configuration
described above 1s capable of 1dentifying a failed one of the
devices connected to a control unit via a serial communi-
cation bus, and making the remaining normal devices
usable.

The first to fourth embodiments describe the air condi-
tioner 1, undertloor heating system, and hot-water heating
system each including the environment control system.
However, an environment control system 1s not limited
thereto. The present invention may be applied to another
system for controlling an environment.

The foregoing description concerns specific embodiments
of the present disclosure; however, the present disclosure 1s
not limited to the first to fourth embodiments, and various
modifications and variations may be made within the scope
of the present disclosure.

REFERENCE SIGNS LIST

1 air conditioner

10 control unit

20 serial communication bus

21 to 23 air conditioning operation-specific sensor (de-
vice)

24, 25 first additional function-specific sensor (device)

26 second additional function-specific sensor (device)

ML main communication line

SLL1 to SL3 first to third sub communication lines

SWI1-1, SW1-2, SW2-1, SW2-2, SW3-1, SW3-2 switch
(switching unit)

The mmvention claimed 1s:

1. An environment control system comprising;:

a control unit;

a serial communication bus including

a main communication line having a first end connected
to the control unit, and

first to Nth (N: an integer of 2 or more) sub communi-
cation lines branched off from a second end of the main
communication line;

devices connected to the first to Nth sub communication
lines; and

switching units disposed on the sub communication lines
excluding the first sub communication line, and con-
figured to connect and disconnect the devices to and
from the control unit,
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cach of the first to Nth sub communication lines being
connected to one or more of the devices,

wherein when the control unit closes the switching units
one by one 1n sequence and normally communicates
with the devices connected to the sub communication
lines excluding the first sub communication lines, the
control unit determines that the serial communication
bus 1s abnormal.

2. The environment control system according to claim 1,
wherein

when the control unit abnormally communicates with the
devices, the control unit determines whether abnormal
communications occur, by opening and closing the
switching units.

3. The environment control system according to claim 1,

wherein

when the control unit abnormally communicates with the
devices, the control unit opens the switching units, and
determines, when the control unit abnormally commu-
nicates with a device or devices connected to the first
sub communication line, that a malfunction occurs at
the device or devices connected to the first sub com-
munication line, and

when the control unit abnormally communicates with the
devices, the control unit opens the switching units, and
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if the control unit normally communicates with the
device or devices connected to the first sub communi-
cation line, the control unit closes the switching units
one by one in sequence, and when the control unit
abnormally communicates with a device or devices
connected to a sub communication line for which the
switching unit 1s closed, the control unit determines
that a malfunction occurs at the device or devices.

4. An airr conditioner or an air conditioning system com-
prising:

the environment control system according to claim 1.

5. The environment control system according to claim 1,
wherein the control unit communicates with the devices via
the serial communication bus, using I°C (Inter-Integrated
Circuit) protocol.

6. The environment control system according to claim 1,
wherein the environment control system 1s mounted 1n an air
conditioner.

7. The environment control system according to claim 1,
wherein the controller includes output terminals from each

of which a control signal 1s output to the respective switch-
ing units to turn on or off the respective switching units.
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